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Abstract of TW 475276 (B) 

A GaN based lll-V compound semiconductor light-emitting device comprises a p-type electrode and an 
n-type electrode disposed on the opposite surfaces of an n-type transparent semiconductor substrate. 
The p-type electrode is a mirror electrode and reflects light generated by the light-emitting device. The 
manufacturing process is thus simplified and the light-emitting efficiency of the light-emitting device is 
increased. In addition, sides of the n-type transparent semiconductor substrate can be slopes, and an 
electrode contact surface and sides of the n-type semiconductor substrate can be roughened to 
minimize internal total reflection of the GaN LED and to further increase the light-emitting efficiency. 
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1. 



- # fL « ( GaN ) ^^Ill-V^-ff-***^.^ 
(LED) » # -p t * * -n t ft «t tj- a* -n ^ if a£ ^ f- It * 
& #j ^ ft © ' Itpf fe^'iltlti (mirror 
electrode ) ffl tt & * tt# * it ft J^i 4 W * ' S & ffi 

#J - t ft # « * « A f£ fij ®*T&*L*t:4b4L;fcS ' ^fc^T 
$ ^ t£GaN LED fid « ^ ^ 5. <t ' 0 
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[ # W M ft 41 tik ] 

it # ' # #J & Bfl ^ - #p t * An f & ^ #J >&. 1- ^ © #J H 
[ # W t f ] 

31 ^ fL ^ ^ £ ^ £ ~ & It ( GaN LED ) tg # # l# 
£ . Ifr T Cree C £ fll S i C * & # ' * *fc * * *P £ # 
ffl^^lftt^if^ (Sapphire ) # ^ * # - * 
^SiC4k#itttir#-|-##t ' -S- « S i C 1- ft #r t # #J GaN 
LED ■ £ * S. -t- * ^ aSapphire 1. U % £ #GaN LED > $L O 
#SiC^fe#jGaN LED * *»Sapphir,e S #)GaN LED f- it ° 
$ tfo j^Sappire ^ & ^GaN LED ft # ^ ^ f $ tf) &k M £ ' <H 
■kP • GaN ^Sapphire B a a f *t £ H- -14 A ' ft *l -k & & ^ . 

>t p& £ ' & t * i, is it & t -t # m m • x * 

Sapphire & ^ £ t • ap f f ^ ^ i f ^ 1 fe 6d 

IS] - ® « 4 if iff T f fl ^ f -1-4 ° ^Sapphire ^ 5. 

# « ' * #'] ^ B a a *t ^ #J ' ^it^t^^®*^^ ° % - * 

® ' ^Sapphire % * #GaN LED 4/ T *g fa # £ © 3* ^ 

# 1 a a a (Flip Chip) £f % 2r A ' ffa % T ^ t Ja *f || 

it af M -L 6d S # 5. ' ii J- m & & ®r ( short circuit ) 

# £ ' ft m if ^ a a H ^ © jf* ' ^ # % - in % ¥} m B3 *t #t 

^ * ■ 

itb ' # ^GaN LED f f %l >i /v tl # . ^ ^ ^p ^ ^ 




^ 4 I 



3->®W$LW (2) 

GaN LED#&*fc*fc*H# 0 Ul* *P ^GaN ^ £ It M 

& # # #j € # _h * ^ 4 Ji & # fit at ft a A f & |L # £ 
at 4 $ fi = 

r % 1 SI j ^ * - n f ^ #j GaN LED it # # & ^ *J © tf 
& M ° ^GaN LED tg #■ & & : -Sapphire & &1 ; ^ t£ 

Sapphire^fel^-*®_L^iGaN-f^^7t#M^^^B S a ^ 
2 ' J-X 1 H ^ B a a f 2 Ji §^ - n t f!3 I ^ 4 p f ^14 - ffn 

i* £ a a B ^2 #, 5. 4? * -n ^ IL 4b « (n-GaN ) I ^ t I 5 a i 
-p ^ ft 4b * (p-GaN ) ^ftt4f6^T&^ • ^Milpf 
&4 ii T # & # - la ffl & * #J >! &7 (bonding pad 

* it & 4^ to & M ft * j ' ffij^^^^^rijakj^^^^iai* > 

fi- i& 7t # ^ # & $i ^ ° j. & £• 4 >§ m # m %■ ^ ^ & 

' 4 £ B'J 1 0 0 ^ « T ' * Jt£ it $'J & * 0 ^ © ' 

# ' 4£ £ 1 ^ & & H It- 0 ifc *b ' i% 

& * h ft * *l ' * * Ml 3 44 # £ #J • £ *h ' i* J* 

£ 1 £ H J* % t 7jc a & A ft 4Mb > l*te7t#tt#^*T 

t a • a itb & ft m ^ ¥j i4 & ft * * 8 a % tt t* $ & m t 

^ ° itb ' # if i/n T t ^ # & i ii a A i i i ° ^ _h 
m it ' to # * # GaN LED tl # * it - f #J *J #f * & 



l 
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s-^&mm (3) 
[ % w 4l a ^ A ^ it ] 

m ' flo * # - * #f #GaN LED it # #J & # ° 
^ $ _h i& a # ' * # m tto - #GaN LED it # > H-pt 

t ^ (mirror electrode ) ' ® fa T ffi 4b U ft %L & ^ & 
f; £ Jfc £ » HGaN LED it # & # : - n 32 it ^ f It ^ » 

& ^ ^ - ^ a B a & A - t ^ & « ® ! - 4" ^ f£ it # M & ' 

& -S: Hn 21 it B 3 * ^ & * & ^ H ^ a a a © -L ' n f £ A it 

# # £ 4? * -n ^ ft. 4b « & *J I I I -V m 4b & ® + ^ It a A O 

-p 2! ft, 4b « I I I - V & >fb ^ 4fc -f £ « m & & : -p it a £ 
& * « & ft ' ff> & ^ t* ^ tf- It it # & # -L ' ii * Hp 31 Si 
lb £ $ miI-V;*4b^#4-*lt#j&te«l&fc**ft* : - 
5.<t«;^lptft ' ^ & ^ Hp it & m % & M -L ; a A - 

-^^ntfe ' ^ /& ^ H t & ^ ® -L ° 

* t Hp 2! H 4b # 1 1 I -V m 4b & 4«7 -f fflt £ *h # 
-p ^Al x Ga y In z N/Al p Ga q In r N & A 4- * It, ' * + 0 
^x,y,z,p,q,r^l >x + y + z = l 'p + q + r=l ' A l x G a y I n z N #j Ife 
% X ^Al p Ga q In r N ' 3. & *b % ^AlpGaqlnrN - itb A & |^ 
H- H & It Iftp t # ^ & k ft ft 4& % n. ^ m # « ' ffn T t 

^-Hpit^^^t^M ° 

a ^ -h it * # B ^ ^ g 6^ > Hn ^} it a ^ -f ^ It * & ^ #J 
STI-t^^fi ' ft g P H #J S t ^ t ^ ^ ^ S M If ^ H 
n. ^ it m -f f It ^ ft 4l H S a a a ® * H t ^ & ft © 0 3 *h ' y 
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i > (4) 

i& %Jk & J^©Ht£#J®*ri|&*Mb^4t© ' -ko itb & ^ 

& *f ' ffij H $ %; Jt 'A $ ° 

% & # * # W ft S #j - ;fcifc#&&*#Jl&#ifc-^tt 

[ 1t $fc #J # i& ^ ] 

#- 4 r $2A ffl j ' Ifr tit II- m tfi - «GaN LED tl 
ft & % ° ^GaN LED to fr ± # * - it W ^ t & *il 1 - - 

#12 > -pi£«fl&«t&JBU3 * - ^Iftpf 
fel4a^-^|nf #15^&i ° £ ^ £-1 t ' if Am 
f- t & fel 1 A -n ^GaN ^ f & & < 

(window layer ) ■ I ffij H ^ ^ t 1^11$ «Ti| ffl * t 
# f ' *» 'n-ZnO ^n-SiC ^ n - L i A 1 0 2 ^ n - L i G a 0 2 # ° 

fg it ^ % % ^ fe 1 1 * * - £ a S B © 1 1 1 3l - t ^ & m © 1 1 2 0 
tt ^ * It 7t ft & 1 2 # & a B a /£ * ^ t* & H 9 a * 1 1 1 _L • Ml 

£JU$&15M#&;fr«tfc&**112JL ' # % n ft % 'li- 
■ it & ^ ffl ' i£&#n$&15##f«r & ^Au ^Al $ 0 « t 
fe#«S112ilT**-nii^^t|J«16 ' iH *> 47 " I TO it 
B^^fM ' tJU TO if ^ ^ t # ' Ji-^T^ 

n-GaN *fc'#j&fc.'#ttBfc**ft* ' tit Pi$^Tfei5x 
1 (T 4 Q (J.K.Sheu et al, "Indium tin oxide ohmic 
contact to highly doped n-GaN", Solid-State 
Electronics, Vol.43, 1 9 9 9, pp . 2 0 8 1 - 2 0 8 4 ) ° 

& * ^ « & a B a © 1 1 1 t* * £ ft to # mi 2 5. ^ & & 
-n2l IUt# (GaN ) * I I I - V « 4b ^ ft ^ * It 1 2 1 ( a T 
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s.^%mttm (5) 

Jflf*ft*n^lUb4fr*^*t) Wl-pf |jbf ( GaN ) % n 
1 1 1 - V m it & m * ^ ft 1 2 2 («Tffi**p^*Ub4fe*#*t 
) = Hpt B M #M13 - 4* ^NiO icNiO/Au > #, ^ /& 
ttp ^ ft. 4b & -f « 1 2 2 _L » * ^ ft 4b 4fc ^ ^122 
##ft.*Ftt«:**£* ' «.«3HMr^*tti««p^lL-fb 

+ tf- « >§ * © . ii * ft. # # it & <& ( 4*r * a , * £ # , if a 
# & at £■ *, ^ m £, * ^%iz-&n&m & 

& IL # # , f Hllfj, H 386286 ft ) • 

tt ,51 It iffcp t *£14 ' ^^Js,Ag^Alt# ' ^ it, ^ ttp it | 
^««5«ftJ«13Ji»ffla5.JH- ttGaN LED #f £ £ # & .ii ' • 

II * ttp it & m % & m i 3 a sl tt bl m t #i 4 ^ & ±t 

i/o ttGaN LED 7^*1^ 0 1 tl 5. It tp t ^14 # lllr In 

t * 1 5 £ * 15] ® . £Tffi4tHi£*l*'te£.JLj&*" 

^ *h ' *» r H2B H j flf > # ttp ^ lUb 4fe t£«122 r 
ft *b >§ * -p ^!Al x Ga y In z N/Al p Ga q In r N & a a B * % ft ■ £ 
tO ^x, y, z, p, q, r ^1 'X + y + z = l 'p + q + r = l > A l x Ga y I n z N #j 
£ fifc A ^Al p Ga q In r N • If^l ^Al p Ga q In r N • M ttp ^ ft. 
4b4fc^£ftl22T:£&&tt&#&pt;i£14#;& 1 *f #j 4& f 
ia ifc if # $ ' ifiT*$££tt&#&p'f;&14#|ttp3!!fL4b 
4fr -f ttl 22" ffl # # ttp &m f i« 0 

#- # r f 3 BH j & *#«E#3-4Sfr;!fcfrI • tt it £ 
t 1- & 1 1 ¥] tt t & & «f S 1 1 2 *r « *a M 4b ' f 
^ 3 0 0 ^ ' «$;!?rt*P£-&*tfl&J*;&n#fcjfc* 0 * t tt 1 
fc&«fill2#*L*Mb-sTa;l:4fc/ftt (random) # T # - 




^ 8 I 



i > %mttm (6) 

£ #j & S ( texture ) ° £ *h ' *» r $ 4 ffl j #r ^ ' %t U 
*t 4b #j t # «5 © 1 1 2 _L > 15] #. ^ & t - n it a £ f t M 
16 - 

$~ 4 r f 5A * 5B n j & % $i fain » t* it 

£p ^ ^ ^ n t& t # #■ « ft 1 1 2 A t$ ^ a B a SHU I; f i 

ft £ i ^ t H ' tiH-S^PIt^-rS ' ft T & * ft ^ 

* * H'J a ° * t « t # & «9 * 1 1 2 -T * * & a a a ft 1 1 1 ' it 
tt^lf Ifelliif Tl^)$^ 0 ifc ' IS] & T & 

^ i*3 £p ^ & *r $ & $ ft ^ is* & f it # & * ° ^ ' *» r ^ O 

6i j ^ttf ' t£ f: & & ^ ft 1 1 2 ft ^ ^ & & 4b ' ft tg m 

4t & -fi-t- ' # V /£ -n it m f t Ml 6 ° 3 i*n 

it a £ t£ t J& 1 6 ^ v %1 ^81 j m it ft ' ^ # 5. i£ it a 3 5- 

t & & 1 1 # m ft i i 3 - 

X $- 4 r ^9 n j m % ^GaN LED tl # # 0 i* it a £ 
f- t & fel 1 #J #J ft 1 1 3 & M ^ ft ' J- i£ t & # $u ft 1 1 2 A '*L ' 

1& £ £ ft 1 1 1 ' ttil^f f IfellI±lT?^ffii " 

n & 34 $ ^ «p & it ft it fa # & & #■ ° ft t& t ^ & «5 

ft 1 1 2 'isj & ^ a *a & 4b ' # T ^ t^n it a ^ ^ t M \ 6 ft A» ^ 

r ^ i o n j t m & 4l j* « ° ' 1 

a Xffr ' € ^ ^ # a ^ ^ t ^ ^ ^ ^fe #J ft 6 ' ii 

# ffl * ^ ^ # a ^ ^3 t «fe la S ' ^ f & J M % * t T ^ i§ 
t^#UU ' <H *> ' *^|nt*fitTT*Au - A 1 

*b ' ^ *Pt - Pd - Ag - Co - Ni > Ti - Zr - Hf ^ V - Nb - 
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s.^mm (7) 

Ta > Cr * Mo - Cu ° ffij M JSL M 4fep t & T &Ag > Al a *b #j # 

f > 4*Mg - Pt ^ Pd - Au > Co - Ni > Ti - Zr ^ Hf - V * Nb * 
Ta - Cr > Mo f ° % ^ • H ^GaN 

tii^t^ftl ' & TNiO *b ' # it ffiMnO - FeO * 

CoO - PdO > Mo0 2 - Mn0 2 - Fe 2 0 3 - Co 3 0 4 * Cr 2 0 3 - Cr0 2 > 

Rh 2 0 3 > CuA10 2 * SrCu 2 0 2 - fl&-sr#t«n^^W + *«t&*L^ 

& ft. *f & & m ft € a £ f % JK ^ T I TO *b ' * it ^ZnO * 
Sn0 2 * ln 2 0 3 > T 1 2 0 3 - CdO - In 4 Sn 3 0 12 - ZnSn0 3 * SnZn 2 0 4 - 
Zn 2 In 2 0 5 - ZnGa 2 0 4 ^CdSb 2 0 6 >GaIn0 3 ^Mgln0 4 ^Agln0 2 * 
Mln 2 0 4 ( M = Mg > Ca * Sr * Ba ) % # f - & /L #c * «■ s£ f tf 

* #J & S m # # * ft 4b H # # ' £ & * * B ^ * *•] E m 

& M- ° 
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[ 1 ^ fll f B ^ ] 

% \ M ' .t - t f ^ t# GaN LED # it it # #J © ^ t ffi ' & 
t it ^ ^IP f 15 f # ^ I §d ^] - fi ' lip 
t & & ft £ 4 f * 0 

H2A ffl ' it $ * # B £ # - # GaN LED # it it # £'J © ^ 
t ffl ' if 7tit#^pf ^Unf #|Llfe^^ IS] 
© ' J. tfcp t « * - & It # t & • <t *MJE # * 7t # 

M ° 

H2B S] ' 7F a $ * # a £ # - & GaN LED # it it # £'J © iF O 

^GaN * f ft * ^Al x Ga y I n z N/A l p Ga q I n r N & A * 
^ ft ^ © _L - 

|3| > *fr ^ ^ $ # ^ # - & GaN LED # it it # £J © tf t 

ffl ' it m ^ t * ^ t ^ # m © * *a m 4t ° 

# 4 n ' m # # ^ #J - «GaN LED # it it # £'] © t 

ffl ' i£ it a/3 t 1- # t ^ & «5 © #: *a *l 4t > £ 

$5A ^ 5B B ' t t t i t ^ #]GaN LED % it it £'] © ^f |^ 

t ffl ' t£ i£ a£ ^ t * #J #J © A % M £F © ' -B- t 

& 4£ « S * ^ ^ B 9 B © 0 
I? 6 ffl > 4; r H 5 A SI j m -^GaN LED # it tc # i£ t & & 

|fi^«*tlt ' £ _L i£ & - n it % % m ° 
|7| > £ r I5Al j '^^ ^GaN LED % it it # # t * & 
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£9 ffl 



£10 



1 
2 
3 
4 
5 
6 
7 
8 

11 
12 
13 
14 
15 



m © Jo. % 

& M ® ° 

4 r # 7 ffl j #f 7F ^GaN LED # & to # # t£ it 
f Ife^if fetlS^ffi & 4a *l lb - 
♦ ^ ft # * # HU - «GaN LED # & tl # £<J fi^l 

ffl ' t£ if m £ f 1: #J flj ® & M *h 6 ' it* # 
^ ® A ^ & ffi » 

ffl ' %j r H9 ffl j m 7F ^GaN LED f f- & it # # t£ it a ^ ^ 

f ^ f f I - 
£ # ft *L a/i ] 

Sapphire & 
& B a a # 
nf i 

^ 1 * 
« « M 

it «¥f * * & & 

4" * « 7t # l# 

p it a £ & ^ t & 




* 12 I 



16 n it % % m 

111 & a S a S 

112 f « & * © 
1 1 3 #J & 

121 nlift^^ff 

12 2 p^tMb^^fft 




- n 3! if a£ 4- f- It & ' * * - & a B a © a A - t « & 

- * * It 7t # M £ • * £ ^ in ^ it £ 14 & 4L 

« * 1 1 1 -V Hk 4b & to ¥ % It « A -p ^ fL lb £ & ?»J 
III-V*-fb^4fe + *lt/^fc.A : 

- p it m & m t & m > ^A^«-f*itib#ji##ji • 

it * ttp ^ ft 4b « * *]III-V;«Hb^4fe-ft£lt#j&te 

-^Intfe ' ffi & ^ t£ t # $0 ® _t ° 

2 . *»t***II£B»l3Ji^ifc4LlL>fb«^^JIII-V*^b^ to 

* It # & 7b # ' *tttn^^.W-ftHt**i4L«t* 

3 . *» f H * J£ 1 9 1 * flf i£ 4l It <t * % n 1 1 1 -V m 4b ^ 4fe 
it i n-GaN ^ n-ZnO ^ n-SiC ^'n-LiA10 2 - n-L i Ga0 2 m & j& 

^ m # t #j >fi ^ - # ■ 

4. *» t it 4 *■] & ffl # i ^ #r i& 4l n 4b ^ % n 1 1 1 -v m 4b & to 

p-n junction ° 




$ 14 f 



*»t*fr*#Jfcffl$M#/9fi£4LlUt# & ?»J 1 1 1 -V m 4b & $7 
* £ It * * tL # » & tttpfc^&J***J«*pS*t'ft4fr 
4- It (p-type metal oxide semiconductor) ^ /cp 



^*Ub4fc-f3Ht**£4l (noble metal ) 



6 . *» t If * *•] ft S ^ 5 * ft it ^ |L 4b * & I I I - V ;SMb & 

f i f i 7t # > & t t£p 32 ft 4b $7 4& it £ MnO - FeO > 
CoO - NiO * PdO > Mo0 2 - Mn0 2 * Fe 2 0 3 * Co 3 0 4 * Cr 2 0 3 - 
Cr0 2 - Rh 2 0 3 - CuA10 2 * Sr Cu 2 0 2 $ ft to & ^ & # t ft 4* H 

- m ° 

7. t ft $- *■] ft m % 1 * #T it 4L It 4b « & *J I I I -V ^ 4b ^ #7 

^ * « * * 7b # ' *ttt^lp«*^5SiAu - A 1 - 
Mg * Pt > Pd > Ag * Co * Ni > Ti - Zr * H f * V - Nb * Ta * 
Cr * Mo - ft to j& m n t #J 4* - # 0 

8 . *» t ft ffi £23*/tfifc4LfUb#a 1 1 1 - V as 4b 4fr 
* £ ft # & it # ■ * t «n it 18 £ t JR -A it ^ * ft 4b 

#7 ° 

9 . *» t # + *j ft ffl $ 8 m ft it ^ n 4b m % n 1 1 1 - v m 4b & & 

4- £ It * & 7t # ' * t tt it m t ft 4b 4& it I I TO * 
ZnO > Sn0 2 ^ ln 2 0 3 > T 1 2 0 3 > CdO * In 4 Sn 3 0 12 * ZnSn0 3 * 
SnZn 2 0 4 ^Zn 2 In 2 0 5 > ZnGa 2 0 4 >CdSb 2 0 6 ^Galn0 3 >MgIn0 4 * 
Agln0 2 ^Mln 2 0 4 ( M = Mg > Ca > Sr > Ba ) $ ft to #k # 

t #J 4* - « t € ft ^n ^ * ^ It ft 4b #7 ° 

10. t it * #j ft s ^ i it 4i n 4b * & n 1 1 1 -v m 4b ^ 

4fc £ ft # £ it 4+ " • * t tt £ 1 n t ^ i% it I Ag > A 1 > 




I 15 I 



Pt - Pd > Au > Co > Ni ^ Ti > Zr > Hf * V * Nb - Ta - Cr * 
Mo *Cu/tf!fej&4L&3tft6«ite'fr-* 0 

11. -ko t ft m II SI $l#/tfi£4LlUt#* ?'J I 1 1 - V * -fb ^ 

12. *» t ft 4- w « a * i # m * ^ n 4b * & n 1 1 1 -v m 4b & 

to % It # & it # ' & t ttn ^ it -f « 1- & 4l 4*-J © 

* # 4>I #1- ft ° 

13. *» t ft $- M $1 m % 1 2 £ m i£ 4l ft, 4b « * ?'J 1 1 1 - v & 4b 
4fc^*lt**/t# ' * t ttn 32 it a £ 4- £ « * tt % O 

14. 4* t t# 4M'J IS K $12*/tfifc4Lft.'fb#**]III-V;JMb^ 
4fe-ftMt#jfc/t# ' A tl^nf ta^f f Ife^tlf 

* ft * * * £ a a H * » 

15. t tf * #■] % m % 1 4 # flf ilL ^ ft. 4b * I I I - V * 4b ^ 

m&m & & m ® ^ ^ & ^ ^ & *i 4b > ^ m> 
3 o o $ - 

16. ^f*fr*#!lfcfflflH4*/tfifc^ftMb#*miI-V;aMb^ ^ 
4fe-f*«t**7b# ' * t ttn 3!! it a £ 4 s - £ 14 * * t 
^#^®_L ' H^^-nit^^tM ' tin i| a ^ I- f I ^ 
ttn 35i it a £ -f ^ « ^ & 46. t ia it ft « 0 

17. *»t*-#-*Jftffl*163Srttsfc4Lft,4b# & *J 1 1 1 - V m 4b ^ 
#/^^^#^tc4^' £ t ttn it a £ ^ % m Q 4t 5. ttn ^ it 




H 16 1 



18. -*ifUb#*miI-V;aMb^4& + t£ft#jfcit# • & 
--n^it^^Htl-fe ' * # - & B a a © a A - f & & 

$ ® ; 

- ^ f It it # # m ' * ■& ^ t£n 33 it ^ * * IS * fc 

t& & h fi -h ' « + *tt7t#fe#5.^&^ : 

-n ^ *L 4b ^ & *] 1 1 1 -V & 4b & to * * ft : a A 
~p^ft.4b#**]III-V;aMb^4fo- 5 l s -*lt ' * ^ ># * 
-p ^Al x Ga y In z N/Al p Ga q In r N ^ H a a ^ ^ I ft ' &t O 
0 ^x, y, z, p, q, r ^ 1 >x+y+z=l 'p + q + r = l > 
Al x Ga y In z N #j RR A ^Al p Ga q In r N > J- & *b >f 4/ 
Al p Ga q In r N ; 

Al x Ga y In z N/Al p Ga q In r N ^ a a H -f I ft f £ ?h ^ 
Al p Ga q In r N * ffi _L ; a A 
'^rin ' $^^^(tft*«fi J: 0 

1 9 . ^ t ff * $| £ g] ^ 1 8 flf at 4l ft, 4b « & ?>] I I I - v m 4b & 

& 4- * IS * * it # ' * t ttn ^ it a £ 4- I ft & #L 4i tft t 

# « © _L • Ji * # -n it ^ tf- t A ' t^nt^ If 
t£n ^ it B £ ^ lit 1- ^ # t IS- it 4f & ffi ° 

2 0. t if ^ a % 1 8 3g m i& ^ it ^b ^ % n 1 1 1 - v m 4b ^ 

4fe*£*t#*7t# • * t ttn ^ it ^ * I It * # f 
# it I n-GaN ^ n-ZnO > n-SiC > n-Li A10 2 - n - L i G a 0 2 fir is. 
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# 4l m # t # 4* 

2 1 . f tfr * sftl || @ 
4fe 4- ^ It * & it 
la p - n junction 

22. *» f # * *'] II I 

«J -f * It # & it 

Ag > Al > Mg * Pt 
Nb ^ Ta > Cr - Mo 
2 3 . *» t ff * M H II 

#7 -f ^ It # * ^ 
2 4 . 4n t tt * *'J II @ 

$7 -f If- It * * it 
ITO - ZnO > Sn0 2 
ZnSn0 3 * SnZn 2 0 4 
Mgln0 4 > Agln0 2 

4l ^ # t # ft 4*r 

2 5 . *» t If * *•] || B 
4fe ^ £ It * * it 
Pt * Pd * Ag > Co 
Mo - Cu ft & $ 

2 6 . t tf 4M'I II I 

#7 -f f It # * it 
& & « ® T £p 



^ - * o 

g £18*/tfi£^*Ub4** 7«J 1 1 I - V & 4b & 

# ' *ttt^-*|t7t#J*#i^**- 

S % 1 8 # #f s& 4l H 4b 4$ & *] 1 1 1 - V ^ 

* Pd * Au > Co - Ni - Ti - Zr - Hf - V - 

g # i 9 3g #r si ^ ft 4b m. % n 1 1 1 - v m 4b & 

9 % 23 #r St ^ It 4b 4£ & I I I -V ^ 4b ^ 
4^ > Attnt^f f # it £ 

- In 2 0 3 - T 1 2 0 3 - CdO - In 4 Sn 3 0 12 * 

* Zn 2 In 2 0 5 * ZnGa 2 0 4 * CdSb 2 0 6 » Galn0 3 * 

- Mln 2 0 4 ( M = Mg > Ca > Sr > Ba ) # ft & & 

- £ a & 4Ln S -f * It ft 4b 4*7 0 

5 £ 1 8 JJt #f it 4l IL 4b ^ & #J 1 1 I - V m 4b 

* . ^tt^|nt^#ilAu - A 1 * 

- Ni > Ti > Zr > Hf * V > Nb * Ta - Cr * 

fen t #j ft 4*r - ft ° 

n n 1 8 ^ ft zg ^ n 4b m. % n 1 1 1 - v m 4b & 

* ' * t ttn ^ it 0^ * £ IS & 4L I* f 

* *P 4^ fa & 4b • ^i$fc*fc££300# ° 
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2 7. *iflfr*5HJ&ffl£18*tfi£4LlUbftjfcmiI-V;&4b^ 
# m ft ® - 

28. *» t tf * #J £ Wi %21 m ft it ^ ft 4b ft & 7'J I I I-V ^ ^b ^ 

4fr***t#jfc7t# ' * t in ^} it W * % It * & 4i tt t 
^^j^SA^tt^ B a a fi - 

2 9 . ^ t If IS $ 2 8 ^ m it 4i fUb ft & *J 1 1 1 - V * 4b ^ 

4fe^*ll**>t# ' * t ttn S ii ^ * * 14 * fc tt t 

& #• m © * ^ tt ^ B a B © ° 

3 0. *» f tfr * *■] |£ ffl 9 2 9 m ft it *L 4b ft & I I I - V Hk 4b & • 

4fe-f*«t**7t# ' & t ttn 21 it «8 4- * It * & tt f 
te&^ffi&tfcfl'JS-r^Spai ^ *a *t 4b ' Ml *fe S. ^ 
3 0 0 ^ 0 

3 1 . *» t tf * *] |t m % 2 9 4 ft it ^ IL 4b ft & *J 1 1 1 - V « 4b & 

3 2. *o t tf JM 1 ] le, 15 £ 3 1 JJt #r it 4l ft 4b ft I I I - V & 4b & 
4fe***t#*7t# ' * t ttn it 3£ £ t ft 4t 5- ttn n it 
-f 3* tt * 41 tt #J ® 0 
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